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Objective: One of the major concerns regarding the preclose technique is its inﬂuence on the diameter of the accessed
common femoral artery (CFA). The aim of our study was to evaluate the CFA diameter change after percutaneous
endovascular aortic repair (PEVAR) with the use of the preclose technique.
Methods: From February 2012 to September 2013, 192 patients who underwent PEVAR with the preclose technique were
reviewed. The patients were followed postoperatively with computed tomographic angiography 1, 6, and 12 months after
PEVAR, and only those with complete computed tomography studies were included. For each access site, the inner
diameter (ID) and outer diameter (OD) of the CFA were measured, and the diameters at various time periods were
compared. In addition, the patient cohort was divided into four subgroups according to two parameters: the sheath size
(12-16F and 18-24F) and the number of closure devices used for the preclose technique (two devices, more than two
devices). The differences in diameter change between the subgroups were analyzed. The signiﬁcance of the diameter
change and the inﬂuences of the two parameters were analyzed statistically with the use of the paired t-test, one-way
analysis of variance, and two-way analysis of variance.
Results: Fifty-eight patients fulﬁlled the study criteria. No signiﬁcant inﬂuence on the ID of the accessed CFAs was
observed at baseline and 1, 6, and 12 months (9.0 6 1.75 mm, 9.1 6 1.70 mm, 8.9 6 1.72 mm, and 9.0 6 1.68 mm,
respectively). By contrast, a signiﬁcant increase in initial OD occurred 1 month after PEVAR but gradually decreased in
size in the following 11 months (13.0 6 2.37 mm, 16.4 6 3.44 mm, 14.2 6 3.06 mm, and 13.5 6 2.42 mm, respec-
tively). Both the sheath size and the number of closure devices signiﬁcantly affected the OD change (P < .001 and P [
.037, respectively). The effect produced by the number of closure devices extended to 6 months after PEVAR, but the
effect of the sheath size ceased before that time.
Conclusions: This study demonstrates that PEVAR with the use of the preclose technique does not inﬂuence the ID of
the accessed CFA, whereas the OD changes gradually over 1 year. These results may indicate that future endovascular
interventions can be performed with the use of the same access without the risk of vascular narrowing. (J Vasc Surg
2014;60:50-6.)Percutaneous endovascular aortic repair (PEVAR) with
the preclose technique has been shown to be a less invasive
alternative to surgical femoral exposure, with a technical
success rate between 62% and 100%.1-5 The procedure in-
volves insertion of a large sheath (12-24F) and closure of
the access site by the preset suture-mediated closure de-
vices. One of the major concerns regarding the procedure
is its inﬂuence on the diameter of the accessed common
femoral artery (CFA). Scientiﬁc data on the CFA diameter
change after PEVAR with the preclose technique are
limited. The aim of our study was to evaluate the change
in CFA diameter over a 1-year period after PEVAR withthe Chang Gung Universitya; and the Departments of Medical
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tomography (CT) angiography. The inner diameter (ID)
and outer diameter (OD) of the CFA are discussed sepa-
rately, and the parameters that inﬂuence the diameter are
also examined in this report.METHODS
This study was approved by the Institutional Review
Board of Chang Gung Memorial Hospital. The need for
patient informed consent was waived because of the retro-
spective and anonymous nature of the analysis.
Patient population. This study was designed as a
retrospective cohort study. Between February 2012 and
September 2013, 192 patients who underwent percuta-
neous endovascular abdominal (EVAR) or thoracic
(TEVAR) aortic repair involving either one or both femoral
arterial accesses (12-24F) being closed with the use of the
preclose technique were reviewed. Patients with complete
preoperative and postoperative (at 1, 6, and 12 months)
CT studies were included in this study. The exclusion
criteria included incomplete CT studies, pre-existing CFA
abnormalities (stenosis, dissection, or pseudoaneurysm),
prior or interim groin surgery or intervention, and the
Fig 1. Flow chart of patient selection. CFA, Common femoral artery; CT, computed tomography; PEVAR, Percu-
taneous endovascular aortic repair.
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angiography. Detailed information on patient selection is
summarized in Fig 1.
Preclose technique. Ultrasound-guided retrograde
puncture of the CFA was performed in all of the cases,
and all of the PEVAR procedures were performed with
the use of a suture-mediated closure system (Perclose
Proglide, Abbott Vascular, Redwood City, Calif) for each
arterial access site with the use of the preclose technique. The
preclose technique involved deployment of two Proglide
devices before inserting the sheath with the sutures left
extracorporeally for closure at the end of the procedure. A
detailed description of the preclose technique has been
comprehensively described in previous reports.1-3
CT angiography protocol. Most of the CT angiog-
raphy was performed on a 320-row CT (Aquilion ONE;
Toshiba Medical Systems, Otawara, Japan), which allows
for the sequential acquisition of the aorta and its main
branches from the level of the clavicles to the pubic sym-
physis, with the use of a 5.0-mm slice thickness and in-
terval. The CT angiography protocol involves a low tube
voltage (80 kVp) and a low contrast medium volume, asdescribed by Chen et al.6 The injection protocol involves
injecting 40-mL of nonionic, low-osmolar contrast me-
dium (Iohexol, Omnipaque, GE Healthcare, Milwaukee,
Wisc) followed by a 40-mL saline ﬂush, both at a rate of
3 mL/s. Real-time bolus tracking was initiated 15 seconds
after the commencement of contrast medium injection.
Initiation of the arterial phase scan was triggered 4 seconds
after the attenuation reached 120 HU in a region of in-
terest set at the ascending aorta for thoracic aortic lesions
and at abdominal aorta between the T12 and L1 vertebra
for abdominal aortic lesions. Images were routinely
reconstructed into coronal and sagittal planes, and all of the
images were available for viewing on a picture-archiving
and communication system.
Quantitative assessment of the CFA. Quantitative
assessment was performed on a per-groin basis. For each
access site, the diameter of the CFA was measured along
the line through the puncture tract on the axial view of the
CT study (inner wall to inner wall for the ID, outer wall to
outer wall for the OD) (Fig 2). The reconstructed sagittal
view or multiplanar reformation images were used to
conﬁrm only the location of the arteriotomy for several
Fig 2. Measurement of common femoral artery (CFA) diameter. A, The puncture tract (arrow) could be delineated on
the axial view of computed tomographic angiography. B, As a line was drawn through the puncture tract (dashed line),
the distance between the inner walls was deﬁned as the inner diameter (ID), whereas the distance between the outer
walls was deﬁned as the outer diameter (OD).
Fig 3. A, For patients with relative oblique puncture tracts, the arteriotomy (arrow) may be easily delineated on the
axial view of computed tomographic angiography. B and C, Under the circumstances, the reconstructed sagittal (Sag)
view or multiplanar reformation (MPR) images can help to identify the puncture tract (arrows) and to locate the
arteriotomy.
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tracts (Fig 3). Two board-certiﬁed radiologists indepen-
dently performed all of the measurements on the picture-
archiving and communication system with the use of
electronic calipers, and the average of the two results was
recorded. The puncture tract was optimally delineated on
CT angiography performed 1 month after PEVAR (Fig 4).
To accurately locate the CFA puncture level, the 1-month
CT angiogram was used as an anatomic reference for the
subsequent postoperative periods. The changes in CFA
diameter on the preoperative and postoperative CT an-
giograms were compared.
Patient demographics and device-speciﬁc parameters,
including age, sex, preoperative diagnosis (aneurysm, pene-
trating aortic ulcer, aortic dissection), procedure type
(TEVAR, EVAR), sheath size (12-16F, 18-24F), and the
number of closure devices used for the preclose technique
(two devices, more than two devices), were reviewed. The
eligible patients were further divided into four subgroups
according to two parameters: the sheath size (12-16F,
18-24F) and the number of closure devices used for the
preclose technique (two devices, more than two devices).Differences in diameter change among the four subgroups
were analyzed. In the study, additional closure devices used
for the preclose technique were used in the case of mal-
function of the devices (cuff miss, broken suture limb, early
knot tightening, etc).
Statistical analysis. Continuous variables are pre-
sented as mean 6 standard deviation and categorical vari-
ables are presented as frequency and percentages.
Differences in diameter between the preoperative and post-
operative CT angiograms were tested by means of one-way
analysis of variance, and the effects of the two parameters
(sheath size, number of closure devices) were evaluated by
means of the paired t-test and two-way analysis of variance.
The Wilcoxon signed rank test was used to evaluate the
interobserver variability. Statistical signiﬁcance was
considered at a value of P < .05. All of the statistical ana-
lyses were conducted with the use of SPSS version 20.0
software (IBM, Armonk, NY).
RESULTS
Among the 192 patients who underwent PEVAR be-
tween February 2012 and September 2013, 58 patients
Fig 4. The puncture tract (arrow) was optimally delineated on computed tomographic angiography performed
1 month after percutaneous endovascular aortic repair (PEVAR) and gradually resolved in the following 11 months.
Table. Demographics and device-speciﬁc parameters of
the study cohort
Characteristics
Mean 6 SD
or No. (%)
Age, years 70.8 6 12.6
Sex (n ¼ 58)
Male 49 (84.5)
Female 9 (15.5)
Diagnosis
AAA 35 (60.3)
Aortic dissection, type B 7 (12.1)
TAA 6 (10.3)
Mycotic aneurysm 6 (10.3)
Iliac aneurysm 2 (3.5)
PAU 2 (3.5)
Procedure type
TEVAR 14 (24.1)
EVAR 44 (75.9)
Access site (n ¼ 94)
Right CFA 52 (55.3)
Left CFA 42 (44.7)
Sheath size
12-16F 21 (22.3)
18-24F 73 (77.7)
Preclose technique
Closure with two closure devices 81 (86.2)
Closure with more than two closure devices 13 (13.8)
AAA, Abdominal aortic aneurysm; CFA, common femoral artery; EVAR,
endovascular abdominal repair; PAU, penetrating aortic ulcer; SD, standard
deviation; TAA, thoracic aortic aneurysm; TEVAR, thoracic endovascular
aortic repair.
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tient demographics and the procedural details are summa-
rized in Table. The 12-16F sheaths were used in 21 groins
(22.3%), whereas 73 groins (77.7%) were accessed with the
use of 18-24F sheaths. All of the enrolled patients achieved
adequate hemostasis with the preclose technique (81
femoral arteries were closed with two devices, 11 arteries
required three devices, and two arteries required four de-
vices), and no additional surgical or endovascular proce-
dures were performed.
CFA diameter. The baseline and changes in CFA
diameter at the puncture level during the follow-up
period are listed in Fig 5. No signiﬁcant difference in the
ID among the baseline and follow-up periods occurred
(9.0 6 1.75 mm, 9.1 6 1.70 mm, 8.9 6 1.72 mm, and
9.0 6 1.68 mm, respectively; P > .05 for all). By contrast,
the OD demonstrated a signiﬁcant initial increase 1 month
after PEVAR (16.4 6 3.44 mm vs 13.0 6 2.37 mm; P <
.001) but gradually decreased in size in the following
11 months. The ﬁnal OD at 12 months was still signiﬁ-
cantly increased, compared with that at the baseline
(13.5 6 2.42 mm vs 13.0 6 2.37 mm; P < .001). There
was no signiﬁcant difference between both observers for
diameter measurements (P > .05 for all).
Parameters that affect the OD. Fig 6 summarizes the
percentage of change of the OD observed through the use
of subgroup analysis at 1, 6, and 12 months after surgery.
One month after PEVAR, a signiﬁcant difference in the
OD change among the four subgroups occurred (P < .001
for all). Patients with the 18-24F sheath or more than two
Proglide devices exhibited a greater OD change than did
patients with the 12-16F sheath or two Proglide devices.
Both the sheath size and the number of closure devices
signiﬁcantly affected the OD change (P < .001 and P ¼
.037, respectively).
Six months after PEVAR, the number of closure de-
vices still demonstrated a signiﬁcant effect on the OD
change (P < .001); however, no signiﬁcant difference
occurred among the 12-16F and 18-24F sheath subgroups
(P ¼ .509). At the end of the follow-up period (12 months
after PEVAR), no signiﬁcant difference occurred among
any of the subgroups (P > .05 for all).DISCUSSION
Since the ﬁrst description by Hass et al in 1999,7
PEVAR with the preclose technique has been widely
used among surgeons and interventionalists. The preclose
technique results in less procedure time, fewer groin com-
plications, improved patient comfort, and a shorter hospital
stay, compared with surgical femoral exposure.1,4,8-10
Although the application of Proglide devices in performing
the preclose technique was previously used off-label, the in-
structions for use of the device11 have been revised since
April 2013 and now include information on the preclose
technique for sheath sizes greater than 8F (8.5-21F).
Fig 5. Box-and-whisker graph plots show the common femoral artery (CFA) diameter change during the 1-year
follow-up period. A, No signiﬁcant difference in the inner diameter (ID) among the periods occurred. B, The outer
diameter (OD) demonstrated a signiﬁcant initial increase 1 month after percutaneous endovascular aortic repair
(PEVAR) but gradually decreased in size in the following 11 months. The ﬁnal OD at 12 months was still signiﬁcantly
increased compared with that at baseline.
Fig 6. Box-and-whisker graph plots show the percentage change of the outer diameter (OD) observed by means of
subgroup analysis at 1, 6, and 12 months after surgery. One month after percutaneous endovascular aortic repair
(PEVAR), both the sheath size and the number of closure devices signiﬁcantly affected the OD change. Six months
after PEVAR, the number of closure devices still demonstrated a signiﬁcant effect on the OD change; however, no
signiﬁcant difference occurred among the 12-16F and 18-24F sheath subgroups. At the end of the follow-up period, no
signiﬁcant difference occurred among any of the subgroups.
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technique is its inﬂuence on the diameter of the accessed
CFA. In a previous study, Smith et al12 stated that a
measurable ID decrease occurred in the percutaneous
group 1 month after PEVAR. However, in this study, no
signiﬁcant difference in the ID occurred during the 1-
year follow-up period. We believe that the stationary IDafter the preclose technique is related to the deploying axis
of the Proglide device. According to the instructions for
use of the Proglide device,11 the recommended deploying
axis is the midline of the patient with or without a
30-degree rotation (10 o’clock, 12 o’clock, and 2 o’clock
positions), which is relatively parallel to the long axis of the
accessed CFA. The advancement of the suture and the
Fig 7. Patient with left common femoral artery (CFA) pseudoaneurysm (arrows) 1 month after percutaneous
endovascular aortic repair (PEVAR). A, Axial view. B, Sagittal (Sag) view.
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increased shortening effect on the long axis (vessel length)
of the CFA rather than on the short axis (vessel diameter).
In the present study, the OD exhibited a signiﬁcant
initial increase 1 month after PEVAR but gradually
decreased in size in the following 11 months. The OD
change at the arteriotomy can be attributed to the tissue
repair process of wound healing.13-15 When the vessel wall
is injured during an arteriotomy, subadventicial hematoma,
initial hemostasis, focal inﬂammatory change, and local tis-
sue proliferation may cause an increase in the wall thickness
1 month after PEVAR. Subsequent hematoma resorption,
wound contraction, tissue maturation, and vascular remod-
eling, which can last for months or years after the injury,
may explain the gradual decrease in wall thickness in the
following 11 months. The formation of a scar can account
for the signiﬁcant increase in the ﬁnal OD 12 months after
PEVAR, compared with that of the baseline.
In the present study, both the sheath size and the num-
ber of closure devices signiﬁcantly affected the OD change
of the CFA. We speculate that the larger the sheath size,
the more vessel wall friction and tension it causes. More-
over, the repeated introduction and deployment of the
closure device causes increased focal hematoma and inﬂam-
matory change over the arteriotomy. These mechanisms
can be used to explain the additional increase in OD over
the ﬁrst few months after PEVAR. On the basis of the anal-
ysis results, the durations of the effects produced by the
two parameters were dissimilar. The effect produced by
the number of closure devices on the OD change extended
to 6 months after PEVAR, but the effect of the sheath size
ceased before that time.
Large sheath size has been reported to be a predictor of
technical failure in numerous studies.1,2,16,17 Etezadi et al4
stated that percutaneous suture-mediated closure can cause
more pseudoaneurysms than does surgical femoral expo-
sure. Among the 192 patients who underwent PEVAR,
only one patient had the access-speciﬁc complication
(CFA pseudoaneurysm) (Fig 7) and was excluded fromour study by the exclusion criteria. For this patient, a
large-size sheath (18F) and more than two Proglide devices
were used in the arteriotomy. This might suggest a rela-
tionship between the two parameters and the success of
the preclose technique.
This study has several limitations. First, this study is a
single-center, retrospective, and nonrandomized study.
Despite the initial group of 192 patients, only 58 patients
completed the preoperative and postoperative follow-up
imaging. The relatively small sample size may prevent accu-
rate statistical analysis and cause the results to be biased.
Second, the 5.0-mm slice thickness on CTA studies and
the manual measurement of the vessel diameter may also
cause several measurement variations. However, we
recorded the average of the measurements by two radiolo-
gists, and the interobserver variability did not show statisti-
cal signiﬁcance. Third, the axial slice on the CT angiogram
was not always the true perpendicular view for the CFA,
and this condition may cause the measured diameter value
to increase. However, the comparative nature of the anal-
ysis made it possible to overlook this discrimination.
CONCLUSIONS
This study demonstrates that PEVARwith the use of the
preclose technique does not signiﬁcantly affect the ID of the
accessed CFA. By contrast, the OD exhibited a signiﬁcant
initial increase 1month after PEVARbut gradually decreased
in size in the following 11 months. Both the sheath size and
the number of closure devices signiﬁcantly affected the OD
change. These results may indicate that future endovascular
interventions can be performed with the use of the same ac-
cess without the risk of vascular narrowing.
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